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medium was used. Expressed proteins from either of expression system were purified using HisTrap FF crude columns (GE Healthcare Life Science) connected to an AKTA-Pure liquid chromatography system. For high scale purification, cells were lysed and the supernatant was heated to 70-75 °C for 30min and then centrifuged at 16,000 ×g for 80 min at 4°C and desalted using Econo-Pac ® 10DG column, followed by a three-time additional washing step using 50kD molecular weight cut-off centrifuval concentrators (Vivaspin, Sartorius). Samples were then frozen in liquid nitrogen and stored at -80 °C until use.
Mass spectrometry
Protein identity was confirmed by matrix-assisted laser desorption/ionization-time of flight/time of flight (MALDI-TOF-TOF) mass spectrometer (UltrafleXtreamTM Bruker)
equipped with a 200-Hz smart-beam 1 laser (337 nm, 4 ns pulse). To identify protein mass, spectra were acquired by preparing a mixture of 0.5 µl of 2mg/ml of recombinant protein solutions in 10% acetic acid, mixed with 0.5 µl of saturated sinapinic acid dissolved in 80:30
water: acetonitrile with final concentration 0.1% trifluoroacetic acid. Samples were then placed on MALDI target plates which were already treated with saturated sinapinic acid and ethanol matrix solution that was allowed to dry and form a thin layer in advance. Before conducting the experiment sample solution was allowed to dry out completely for 60 min.
The instrument was operated in positive ion mode controlled by the flex software packaged (FlexControl, FlexAnalysis). 6,000 laser shots were accumulated per each spectrum in MS and MS/MS modes. Protein Calibration Standard mixture I and II (Bruker Daltonics) were used for calibration.
Liquid-like coacervation (LLC) assembly of the CBM-eADF3-CBM
LLC assembly was initiated by controlled dehydration and gradually concentrating of freshly purified CBM-eADF3-CBM, which was dispersed in water. In the first step, the total concentration of dilute protein solution was gradually increased to approximately 2% w/v using centrifugal concentrators as above. In the second step, the concentration of protein increased to approximately 30% w/v. The protein sample were subsequently frozen in liquid nitrogen for its preservation. In a final step, non-specific aggregates were removed from the solution by centrifugation and careful pipetting, and filtered through PVDF membranes (0.22 µm Millex-GV, Millipore). The amount of these aggregates corresponded to 3-5% of the total protein.
Spider handling and dissection
Extracting the native spider silk solution carried out by dissecting a total of seven adult garden spiders (Lariniodes conrutus that were collected alive in Espoo, Finland). Spiders were anesthetized by carbon dioxide in chilled (4 °C) distilled water. The major ampullate gland was removed under a discting microscope. The dope was then squeezed out manually, vitrified and stored immediately in liquid nitrogen for further characterization with ATR-FTIR.
Attenuated total reflectance Fourier transform infrared spectroscopy (ATR-FTIR)
A Unicam Mattson 3000 FTIR spectrometer equipped with PIKE Technologies GladiATR (with diamond crystal plate) was used. All spectra were scanned within the range of 400-4000 cm -1 , with 32 scans and a resolution of 32 cm -1 .
Optical light microscopy-phase contrast mode (LM-PC)
Samples were imaged using either Axio observer inverted microscope (Carl Zeiss, Germany) equipped with a motorized stage, AxioCam MRm camera (Zeiss), a × 100/numerical aperture and Zeiss AxioVision software in phase contrast or bright field mode. Images were further processed with ImageJ 10 or ImageJ Fiji (versions 1.47d) 11 .
Cryo-transmission electron microscopy (Cryo-TEM)
Transmission cryo-electron microscopy imaging was carried out using a JEM-3200Fsc field emission microscope (JEOL) operated at 300 kV in a bright-field mode with Omega-Zero-loss energy filter with a 20 eV slit equipped with ULTRASCAN GATAN 4,000 CCD camera and digital micrograph software (GATAN). Sample preparation was carried out by using 200 mesh carbon (CFT200-Cu) or Quantifoil 3.5/1 holey carbon copper grids with 3.5 μm holes which were cleaned using a Gatan Solarus 9500 plasma cleaner and assembled in a 
Spatial light interference microscopy (SLIM) and data analysis
SLIM and data analysis carried out according to the earlier study 12, 13 . Briefly, imaging was carried out using an inverted Axio Observer Z1 phase contrast microscope (Carl Zeiss, calculating dry mass, region of interests (ROI) defined as 2D and the total dry mass was then calculated by integrating over the defined ROI. This was carried out using the Phi Optics ImageJ Dry Mass plugin according to the manufacturer instruction 14 .
Micropipette aspiration
Micropipettes prepared by pulling borosilicate capillaries (WPI, 1mm, 0.58 mm o.d./i.d.) using a flaming/brown type puller (P-97, Sutter Instrument Company). Afterward, the pipettes were sized to about 20 micrometers in inner diameter by using a microforge (MF-900, Narishige).
To introduce the pipettes into the sample holders horizontally, they were bent by heating the pipette on a flame. The pipettes were then filled with water and connected to a water reservoir attached to a piezoelectric pressure controller unit (Elveflow). The pressure was controlled with a precision of about 10 microbars using the instrument software during the measurements. Aspirated droplets were visualized with an inverted microscope (Nikon Eclipse Ti) equipped with different objectives (1×, 2×, 4×, 10×, 20×, and 60×) and associated with a 1.5× magnification device. Movies of the droplets inside the micropipettes were recorded using a CCD camera (Andor Zyla Scmos) with time intervals between 0.1 and 1 s. All experiments were performed at ambient pressure and temperature. All the experiments were carried out using an in-house built sample holder. The bottom plate is a cover-glass and the top one is a microscope slide. In between, several layers of Parafilm cut with the desired shape placed (Fig S8) to provide a 1 mm gap. The sample holders were then filled with 5 to 10 µl of fresh protein solutions.
In the micropipette aspiration method, a droplet is aspirated with a constant suction pressure into a micropipette. The penetration length of the droplet into the pipette is measured as a function of time. For viscoelastic droplets, we expected to observe two distinct regimes: an elastic regime at the short time, which leads to a measurement of the elastic modulus and a viscous regime at a long time where the penetration length increases linearly with the time.
When the droplet enters the capillary, the viscous dissipation is dominant and the balance between the friction force and the applied external force leads to penetration at a constant velocity, which gives a measure of the viscosity of the aggregate.
A droplet of radius R0 is aspirated inside a pipette of radius Rp increasing the pressure until the droplet inside the pipette would just exceed a pipette radius but without further flow. It corresponds to the critical pressure ΔPc(γ0). The surface tension of the droplet at rest γ0, corresponding to surface tension γ when ΔPc is applied can be determined using the Laplace law ∆ 0 ( 2 ) = 2 2 4 flow rates, respectively. Using the value ΔPc, we determine the surface tension of the droplet γ corresponding to the applied force ΔP, using the Laplace law. This model has been developed for viscoelastic systems [15] [16] [17] .
To adjust the fact that in our experiments at t = 0 L(t) = L0 the main equation becomes
All measurements were carried out at 23 °C.
Fluorescence recovery after photobleaching (FRAP)
FRAP performed using a Leica TCS SP5 upright confocal microscope with FRAP booster (Leica DM5000) and a DD488/561 dichroid beam splitter at 63x/1.2 water objective. Surface- 
Rheological measurement
Rheology experiments were performed on 30% w/v protein solution using a stress-controlled rheometer (TA instrument ARG2 rheometer) using stainless steel serrated plate-plate geometry (diameter 22 mm) with a gap distance of 0.5 mm using humidity control chamber.
An oscillatory angular constant frequency performed at 0.628 rad -1 (0.1 Hz), using a 1% strain and 60 s per point sampling interval. To study shear-rate-dependence of the steady shear viscosity, samples flowed ramp with an initial torque of 0.06 µNm (Stress: 0.001Pa) to a final torque of 6000 µNm (Stress: 100Pa). All measurements were carried out at 23 °C.
Preparation of the plant and bacterial cellulose
Nanocellulose (CNF) films were made from never dried birch pulp (with 24% hemicellulose content) that had been disintegrated by passing the pulp suspension 6 passes through a fluidizer (Microfluidics Corp, Newton, MA, U.S.A.) at 300 kWh/t net specific energy with specific edge load of 0. is a cohesive force between the protein chains that is mobile enough to allow a plastic deformation. The interaction is strong enough to allow the formation of fibers, but dynamic enough that the droplets do not break in a brittle manner. This image is from a repeated experiment that was previously described 1 . Scale bar is 2 µm. Image by Laura Lemetti. textile, wood, and paper after lap-shear strength tests.
